In this context, in 2007 the Spinal Trauma Study Group proposed an injury severity score known as the Subaxial Cervical Spine Injury Classification (SLIC). 18 The system consisted of 3 main characteristics that are scored according to their degree of severity: 1) injury morphology, 2) neurological status, and 3) the integrity of the disc-ligamentous complex. Each item has a corresponding score assigned according to its degree of severity. 18 Treatment is then proposed based on the final, summed score: a score of fewer than 4 points suggests conservative management and a score greater than 4 suggests surgical treatment; injuries with a score of 4 may be treated either conservatively or surgically, based on surgeon's preference and patient characteristics (for example, comorbidities and expectations). 3, 4, 6, 7 While many studies suggested that the SLIC is reliable and safe, the morphological characterization of injuries was limited and unspecific. [10] [11] [12] [13] [14] [15] [16] In this context, in 2015, Vaccaro et al. proposed a new classification for SCST based on CT evaluation and morphology, adopted by AOSpine, in an attempt to improve the morphological classification (Table 1) . 3, [10] [11] [12] [13] [14] [15] [16] Given the importance of an accurate classification system to standardize treatment and compare outcomes, evaluation of the reliability and safety of this new morphological classification system is necessary. 20 In this paper, we evaluate the reliability of the new AOSpine classification system and the correlation of the new system with treatment for patients with subaxial cervical spine trauma.
Methods
After obtaining institutional review board approval, we retrospectively analyzed patients with SCST who were treated at our institution between 2011 and 2015. Patients were included if they had follow-up information; a complete CT scan reconstruction in the sagittal, coronal, and axial planes; and a documented traumatic cervical injury from C-3 to C-7. Images were analyzed using a DICOM System, part of the PACS (picture archiving and communication system) Aurora 3 (version 1.5.5, Pixeon Medical System). 13, 17, 21 We excluded patients with incomplete clinical and radiological data.
The treatment of these injuries was performed by a single surgeon (A.F.J.) with expertise in the application of the SLIC system. Injuries were conservatively treated with a rigid cervical collar for 8 to 12 weeks in patients with 3 or fewer points, and surgical treatment was performed in patients with 4 or more points, based on fixation, realignment, and decompression, when necessary.
2,4-7 Patients underwent routine follow-up after hospital discharge in our outpatient clinic performed by the same surgeon (A.F.J.) at 2 weeks, 1 month, 3 months, and then each 6 months after hospital discharge, with plain radiographs and CT scans obtained when necessary.
Clinical data analyzed included age, sex, level of injury (the most cranial bone level was considered when segmental injury occurred), mechanism of injury, neurological status evaluated according to the American Spinal Injury Association Impairment Scale (AIS), complications, and SLIC score.
10,22
After a complete presentation of the newly proposed AOSpine Classification System, discussed together with one of the senior authors (A.F.J.), 5 researchers blinded to the management of these injuries performed an individual classification of the included cases. The 5 researchers comprised a 2nd-year neurosurgery resident (M.F.S.), 2 final-year neurosurgery residents (O.T.S. and H.I.G.L.), 1 board-certified neurosurgeon (A.F.J.), and 1 board-certified orthopedic surgeon (A.A.P.). Classification was completed again 4 weeks after the first assessment. The data were organized according to the morphological groups (Types A, B, and C), subgroups (A0, A1, A2, A3, A4, B1, B2, B3, and C), and facet modifier (F1, F2, F3, and F4). The reliability between the intraobserver and interobserver classification was assessed by the kappa index, calculated using Stata MP for Windows (version 13.0, StatCorp.). The kappa index was classified according to its numerical value: < 0.20, slight; 0.21-0.4, fair; 0.41-0.60 moderate; 0.61-0.80, substantial; and 0.81-1.00, excellent. 8 For validity, injuries with total morphological agreement between the 5 interobserver evaluations during all 10 assessments were correlated with the treatment performed based on the SLIC final score (conservative vs surgical treatment).
results
A total of 51 patients treated between 2011 and 2015 were included; 45 patients (88.2%) were male and 6 were (11.7%) female. The mean age was 39.29 years, ranging from 18 to 82 years (mean 38, SD 15.37 years). With regard to injury mechanism, car accidents were the most prevalent etiology (33.3% of cases). The mean SLIC score among all patients was 4.52 points (ranging from 0 to 10 points, median 5, SD 3.39). conservatively treated group Of the 20 patients (39.2%) treated conservatively, most were male (85%), with a mean age of 39.4 years. The mean follow-up was 86.8 days (median 30 days, SD 192.3 ranging from 20 to 829 days). The most commonly affected level of injury was C-7 with 7 cases (35%), followed by C-4 with 5 cases (25%), C-3 and C-6 with 3 cases (15%), and C-5 (10%) with 2 cases.
The mean SLIC score was 1 point (median 0 points, SD 1.82, ranging from 0 to 7 points). Seventeen patients were neurologically intact (AIS Grade E [85%]). Three patients were classified as AIS Grade C: 2 of them (with SLIC scores of 3 and 4 points) had spinal cord injury without evident instability or persistent compression, and one had a C7-T1 distraction injury with an SLIC of 7 points. However, this patient was treated for a subdural hematoma and had a severe brain injury. After 3 months, he was referred to our institution for treatment of his cervical spine trauma. Due to his poor clinical condition and the presence of a solid bone fusion, despite the abnormal spinal alignment, conservative treatment was performed.
Of note, 1 patient had a C-5 superior facet fracture (initial SLIC of 1 point) that progressed to a Grade I C4-5 listhesis. The patient was asymptomatic and had signs of segmental bone union; therefore, surgery was not indicated. No patient treated conservatively crossed over to surgical treatment. There were no complications in this group.
Surgically treated group
Thirty-one patients (60.7%) were treated surgically. The majority of them were men (90.3%), with a mean age of 39 years.
The mean SLIC score in this group was 6.67 points (median 6 points, SD 1.95, ranging from 4 to 11 points). The mean follow-up was 153 days (median 83 days, SD 241.30, ranging from 4 to 1213 days). Preoperatively, 7 patients were in AIS Grade A (22.5%), 4 in AIS Grade B (12.9%), 9 in AIS Grade C (29%), 3 in AIS Grade D (9.6%), and 8 in AIS Grade E (25.8%). Postoperatively, at final follow-up, 7 patients were in AIS Grade A (22.5%), 3 in AIS Grade B (9.6%), 4 in AIS Grade C (12.9%), 7 in AIS Grade D (22.5%), and in 10 AIS Grade E (32.2%).
The most common mechanism of injury was automotive accidents (51.6%), with 38.7% of these secondary to automobile crashes, followed by fall from height (5 patients, 16%). The most affected injury level was C-5 with 14 cases (45.16%), followed by C-6 with 9 cases (29%), C-4 with 3 cases (9%), C-7 with 3 cases (9%), and C-3 with 2 cases (6%).
The anterior cervical approach was used in 19 patients (61%), followed by the posterior approach in 10 cases (32%) and a combined approach in 2 cases (6%).
complications in the Surgical group
Two patients (6%) died of infectious complications, one of septic shock and another with acute renal failure, at 4 and 22 days after surgery, respectively. Both were acutely tetraplegic patients (AIS Grade A). Three patients (9%) developed severe respiratory failure requiring tracheotomy and prolonged ventilatory support, all with upper cervical injuries (C-4) and paraplegia (1 AIS Grade A and 1 AIS Grade B). One patient (3%) required an additional surgical procedure for debridement of a wound infection, followed by intravenous antibiotics. No patient required additional surgery for hardware revision or instrumental removal.
evaluation of reliability
We 
Intraobserver Analysis
Groups. When assessing only major morphological groups (Types A, B, and C), intraobserver reliability reported ranged from 0.66 to 0.95 (substantial to excellent). Of note, intraobserver was excellent only for both senior spine surgeons (0.86 and 0.95: excellent), whereas for the residents, the kappa ranged from 0.66 to 0.75 (substantial).
Subgroups. Reliability reported for subgroups (Types A0, A1, A2, A3, A4, B1, B2, B3, and C) ranged from k = 0.61 (substantial) to k = 0.93 (excellent). Again, for both senior spine surgeons (A.A.P. and A.F.J.), the k was above 0.8 (0.8 and 0.93: excellent), whereas for the residents the k ranged from 0.63 to 0.67 (moderate).
Facet Morphology. Reliability reported for facet morphology (F1, F2, F3, and F4) when assessed separately from the group morphology ranged from k = 0.66 (substantial) to k = 0.95 (excellent).
Interobserver Analysis
Groups. Interobserver reliability for Types A, B, and C was k = 0.52 (moderate) and k = 0.63 (substantial) in the first and in the second evaluation, respectively.
Subgroups. Interobserver reliability for subgroups (Types A0-4, B1-3, and C) was k = 0.51 (moderate) and k = 0.60 (moderate) in the first and second evaluations, respectively.
Facet Morphology. Interobserver reliability for facet morphology (F1, F2, F3, and F4) was k = 0.53 (moderate) in the first evaluation and k = 0.62 (substantial) in the second evaluation.
Kappa index for all 10 assessments
The kappa index for all 10 evaluations performed in the study was also analyzed.
Group Reliability. The final kappa index was 0.67 (substantial) for Type A, 0.08 for Type B (slight), and 0.68 for Type C (substantial).
Subgroup Reliability. The final kappa index was 0.76 (Type A0), 0.26 (Type A1), 0.1 (Type A2), 0.03 (Type A3), 0.29 (Type A4), 0.08 (Type B2), 0.06 (Type B3), and 0.7 (Type C).
Facet Modifiers Reliability. The final kappa index was 0.33 (F1), 0.4 (F2), 0.56 (F3), and 0.75 (F4). In combination, the greatest degree of interobserver reliability (k = 0.7) was attained for Type C injuries with a facet modifier of F4 (149 answers).
Validity
Total agreement between the observers was attained in 25 cases (49%) when considering only groups and in 22 cases (43.1%) when analyzing subgroups in the 10 evaluations.
For group classification, the majority of the cases with total agreement were from Type A, with 19 cases, followed by 6 cases of Type C.
Considering subgroups, total agreement was attained in 16 cases of AOSpine Type A0 and in the same 6 cases of Type C injuries (no subgroup for Type C). Of the 6 patients with Type C injuries and total agreement, 5 were treated surgically, with the exception of the patient who had a severe traumatic brain injury and poor clinical status, as explained previously. There were no patients with Type B injuries for whom there was total agreement in our series. Additionally, no patient with morphology of Subtype A1-4 had total agreement. Patients with Type A0 (with or without facet fractures) had variable treatment, according to patients' neurological status: 5 were treated surgically, whereas 11 were managed conservatively. The explanation for surgery in the 5 patients with Type A0 injuries is that some had traumatic disc herniation or spondylotic changes and had neurological worsening after acute trauma, without severe fracture or dislocation.
When considering morphology subgroups and facet modifiers, only 8 cases attained total agreement: 2 cases of Type A0 without any facet modifier and 6 cases of Type C injury with a modifier F4. These cases are summarized in Table 3 .
In Figs. 1 and 2 we report 2 illustrative cases.
Discussion
Classification of SCST is necessary to facilitate clinical management, such as in decision making for conservative versus surgical management, for standardizing language among health care providers, and also for research purposes. 2, [4] [5] [6] [7] 12, 16, 20, 23 However, a classification must be practical, reliable, and valid prior to its adoption in clinical practice.
In this new proposal, injuries were also divided into 3 major groups: Type A or compression (with 6 subgroups: A0 to A5), Type B with fractures with lesions on the anterior or posterior band tension (with 3 subgroups: B1-B3) and, finally, Type C or fractures with translation and severe dislocation (Table 1) . Additionally, the proposal included a detailed classification of facet lesions in 4 degrees (F), a classification of the severity of the neurological deficit (N), and characterization of special subtypes of injuries (M). 19 The reliability of this newly proposed system was tested by 10 spine experts selected by the classification's authors, using 30 SCST cases. 19 The agreement rate was assessed using the kappa score and attained 0.75 for intraobserver agreement and 0.64 for interobserver agreement for all subgroups of injuries analyzed together. The agreement rate was also evaluated separately for each injury morphology, with a higher agreement for B3 (k = 0.87; excellent). The agreement rate for A3 morphology was k = 0.25, for B2 it was k = 0.29, for F1 it was k = 0.0, and for F4 injury it was k = 0.06. The lower agreement for these morphologies was associated with a higher prevalence of injury subtypes in the series of patients studied.
Our study, by comparison, had a slightly lower rate of agreement for group evaluation, with an intraobserver agreement of 0.52 (first evaluation) and 0.63 (second evaluation), which, according to the Landis and Koch 8 system means moderate (first) and substantial (second) agreement. This improvement from moderate to substantial (0.52 to 0.63) between the 2 evaluations may reflect inexperience and unfamiliarity with the classification of the evaluators at the first time of assessment. Patel et al. had already reported that agreement improves with time, suggesting the benefits of learning and familiarity with training for application of a thoracolumbar classification. 11 The same was emphasized in our results of intraobserver analysis, where a higher intraobserver reliability for both senior spine surgeons were reported compared with the residents scores.
Our study had only 36 responses of Type B injury mor- On the other hand, a high agreement rate was attained in this study for Type A and Type C injuries, potentially explained by the fact that extremely mild and severe injury morphologies are easier to identify and are less prone to confounding factors. This may also be explained by methodology differences between the 2 studies. In the AOSpine study, the cases were preselected for evaluation while in the present study, we have used consecutively treated patients, which may decrease the prevalence of Type B injuries and influence the final agreement rate.
When assessing the reliability of the subgroups, we realize that the least common subtypes (Types A2, A3, B1, B2, and B3) did not have statistical relevance due to their low prevalence, with no agreement in any case. The small number also did not allow us to evaluate validity in these subtypes.
Reliability of facet morphology ranged from 0.59 to 0.84 in the intraobserver evaluation and 0.53 (first assessment) and 0.62 (second assessment) in the interobserver evaluation, with just moderate agreement. We believe that a more precise definition of facet injuries or simplification of the categories may improve reliability. As an example, distinguishing F1 from F2 injuries may be extremely subjective since the differences are small. Consistent with this, F1, F2, and F3 attained only fair to moderate agreement (final k of 0.33, 0.4, and 0.56, respectively), compared with a k of 0.75 (substantial) for severe facet injuries (F4).
When assessing the reliability of the subgroups, we realize that subtypes (A1-4 and B1-3) did not have total agreement in any case. This precluded evaluation of the treatment performed in these injuries compared with the SLIC system. For this reason, safety evaluation was only performed for the 2 extreme injury morphologies, Type A0 and Type C, thus limiting the analysis of validity in this study. We could infer that an isolated analysis of the morphology of Type A was, however, not sufficient to guide treatment. Some of these patients had neurological deficits and disc herniation/ligamentous injuries requiring surgery whereas others had only minor fractures. 14 Of note, these instances demonstrated the importance of MRI in the decision making of some patients with SCST. On the other hand, all injuries classified as Type C were treated surgically (with only one exception), suggesting that injury morphology alone was sufficient to guide treatment (surgical) in more severely injured patients.
Our study is limited to a single center and is retrospective in nature. Despite these methodological limitations, many conclusions could be inferred, such as the low prevalence and also low agreement of intermediate morphology types (Types A1-4 and B), the need for clarity with Fig. 2 . This 42-year-old man was involved in a car accident. He had a complete motor deficit with preservation of his sensibility (pain and tactile) (AIS Grade B). He had a normal CT scan (sagittal midline cut CT scan reconstruction [a] ) and was classified as having a Type A0 injury. However, he had an acute C5-6 disc herniation as seen in the MRI (sagittal T2-weighted MRI sequence [B] ) with cervical spinal cord compression. He underwent an anterior discectomy and fusion. facet modifiers, and, finally, the redundancy of classifying Type C injuries with an F4 modifier, as the dislocation morphology necessarily has an associated facet dislocation or subluxation.
conclusions
Our assessment has shown that the new classification of AOSpine demonstrates good statistical agreement for group (Types A, B, and C) classification. However, it is limited in guiding treatment in isolation, with a low agreement rate for some subtypes of injuries. Only extremely mild or severe injury morphologies had a higher agreement. Additionally, facet modifiers are imprecise. Validity was not evaluated completely in our study due to the low prevalence of moderate (Type B) injury morphologies. The use of this new classification system to guide treatment, therefore, requires additional, and preferably prospective, investigation.
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